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The generation of memory T cells in immune responses
has been extensively studied over recent years, yet the re-
quirements for production and persistence of a functional
memory pool are still unclear. For example, while there is
compelling evidence that survival of memory cells does
not require TCR–MHC engagements (1, 2), recent evi-
dence indicates that such interactions may be needed to
maintain functional activity of these cells (3, 4). Further-
more, there is growing evidence that cytokines play a ma-
jor role in deciding the fate of CD8 memory cells, al-
though the precise mechanisms by which these effects are
mediated remain unknown.
 
Several new reports, one in the Journal of Immunology
(5) and four (6–9) in this issue, now provide further insight
into the key cytokine players which induce and maintain
the CD8 T cell memory pool. In support of previous stud-
ies, IL-15 is implicated as a key regulator of CD8 memory
T cell homeostasis. Interestingly, the current data show that
in at least one case (5), IL-15 deficiency diminishes the
magnitude of CD8 T cell expansion in the primary re-
sponse, resulting in the production of fewer memory cells.
Moreover, the results reveal that once memory cells are
generated, IL-15 is critical for their basal proliferation. Sur-
prisingly, several of these studies indicate that, in the ab-
sence of IL-15, CD8 homeostasis in immunodeficient hosts
can also be maintained by IL-7 as long as the latter is not
made limiting by competition with other cells. These data
lead to a model where cytokine competition between T cell
subsets can influence the fate of the memory pool (Fig. 1).
A specialized role for IL-15 in the regulation of T cell
memory was suggested by the ability of IL-15 (or IL-15–
inducing stimuli) to stimulate proliferation of memory
CD8 T cells but not memory CD4 T cells or naive T cells
in vivo (10). Furthermore, overexpression of IL-15 leads to
persistence of increased numbers of antigen-specific CD8
 
 
 
memory cells after Listeria infection (11). These findings
were amplified by analysis of IL-15 and IL-15R
 
 
 
 knockout
mice which display reduced numbers of CD8 T cells in the
periphery and virtually lack CD44
 
hi 
 
(memory phenotype)
CD8 T cells (12, 13). However, these latter reports were
focused on analysis of memory phenotype CD8 T cells res-
ident in unimmunized mice, the derivation and specificity
of which is unclear. One of these studies (13) reported that
 
IL-15
 
 
 
/
 
 
 
 mice cannot mount a protective response to
vaccinia, however it was not clear whether this was due to
a defect specifically in the CD8 T cell response. Thus, the
 
impact on antigen-specific CD8 memory cells was not
addressed. Furthermore, these studies did not determine
whether IL-15 was critical for generation and/or persis-
tence of CD8 memory cells.
The new reports address these questions using two main
approaches. The first approach was to determine the role of
IL-15 in regulating antigen-specific memory T cell genera-
tion and survival. Two groups studied CD8 antiviral re-
sponses to VSV (5) or LCMV (6) infections in IL-15 and
 
IL-15R
 
 
 
–deficient animals. The new papers reveal that
IL-15 deficiency partially reduces the magnitude (or dura-
 
tion) of the primary CD8 response to VSV, while this effect
was less prominent in the LCMV primary response. An in-
triguing finding was that the primary anti-VSV response in
IL-15
 
 
 
/
 
 
 
 mice was diminished while the response was nor-
mal in IL-15R
 
 
 
 mice, suggesting that an alternative form
 
of the IL-15 receptor might be used in the absence of
 
IL-15R
 
 
 
. Nevertheless, the overall findings were that
CD8 memory T cells were generated in both IL-15
 
 
 
/
 
 
 
 and
IL-15R
 
 
 
 
 
/
 
 
 
 mice and these cells appeared capable of re-
sponding normally, at least in terms of recall cytokine re-
sponses (6).
 
What then accounts for the CD8 memory deficit in IL-15
and IL-15R
 
 
 
 knockout animals? The answer lies in the
control of memory cell turnover. Both groups studied the
fate of antigen-specific CD8 memory cells transferred into
IL-15
 
 
 
/
 
 
 
 hosts, an approach also used by Goldrath et al.
(8). All three groups show that in the absence of IL-15,
CD8 memory cells gradually decline in numbers. This is
chiefly due to a dramatic loss in memory CD8 prolifera-
tion, since it appears that a subset of nondividing, or ex-
tremely slowly dividing, CD8 memory cells survive quite
well in the absence of IL-15. This highlights the role of
memory cell turnover in the “basal homeostasis” (as
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Goldrath et al. put it) of this subset; it has been estimated
that 
 
 
 
80% of memory phenotype CD8 cells proliferate in a
5-wk period (14) leading to the idea that memory T cells
are not strictly long lived but rather are fecund. IL-15 ap-
pears critical for this mechanism of homeostasis. On the
other hand, a role for IL-15 in mediating CD8 memory
survival is not ruled out by these studies and recent reports
indicate IL-15 signaling is important for expression of the
antiapoptotic protein Bcl-2 in CD8 T cells (15). Survival
and proliferation could be intimately linked in the CD8
memory subset, making resolution of these mechanisms
difficult, although the present data might imply that prolif-
eration is not an absolute requirement for survival.
The second experimental approach used in the current
reports was to analyze the cytokine requirements for CD8
memory proliferation in lymphopenic hosts (8, 9). Numer-
ous groups have reported that naive T cells (both CD4 and
CD8) will proliferate in T cell–deficient hosts (e.g., recom-
bination activation gene
 
 
 
/
 
 
 
 or sublethally irradiated mice).
This response, typically called homeostatic proliferation or
homeostatic expansion, requires both TCR engagement
with self-MHC ligands and IL-7R engagement with IL-7
(16–18). In the studies described above the animals have a
partial deficiency in total CD8 T cell numbers, which is in-
sufficient to induce homeostatic proliferation (note that
Becker et al. [reference 6] use the phrase “homeostatic pro-
liferation” to describe memory turnover in a normal, T
cell–replete host, equivalent to the “basal homeostasis” de-
scribed by Goldrath et al. [reference 8]. As we will see be-
low, the requirements for memory CD8 T cell homeostatic
proliferation differ in normal and lymphopenic hosts, so
this distinction is important).
Given the studies above, it might be expected that CD8
memory homeostatic proliferation in lymphopenic hosts
would be spectacularly diminished in the absence of IL-15.
However, this was not the case: all the groups report barely
any defect of CD8 memory proliferation in irradiated IL-
15
 
 
 
/
 
 
 
 hosts compared with irradiated normal hosts. How
does CD8 memory proliferation become IL-15 indepen-
dent in lymphopenic hosts? The solution, it transpires, is
IL-7. As discussed above, IL-7 has been shown to be a pre-
requisite for naive T cell survival and homeostatic prolifer-
ation. That IL-7 might also be involved in regulating
memory was suggested by the finding that CD8 memory T
Figure 1. A model for regulating CD8 memory T cell homeostasis. Naive T cells (green) require signals through their TCR (black) and IL-7R (yellow)
for survival and homeostatic expansion. Memory CD8  T cells (light blue) can use either IL-7R or IL-15R (red) to drive homeostatic proliferation in
lymphopenic hosts, but IL-15 is critical for homeostasis in normal animals, where IL-7 may be limiting due to competition with naive T cells. IL-15
might affect memory CD8 T cells directly or via the product/interaction with a “non-T cell.” Some reports suggest IL-2 (purple) might inhibit memory
CD8 survival (reference 19), although the mechanism is unclear. None of these cytokines appear to be required for homeostasis of CD4  memory T cells
(dark blue). Neither memory subset requires TCR engagement for survival or homeostatic proliferation. See text for further discussion. 
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cells express IL-7R and that IL-7R
 
 
 
/
 
 
 
 cells respond to ac-
tivation normally but are poor producers of CD8 memory
cells (18). On the other hand, blocking IL-7 in vivo did
not reveal a clear role for IL-7 in memory homeostasis (19).
The new reports show that CD8 memory cell homeo-
static proliferation occurred normally (or was only mod-
estly reduced) in animals lacking IL-7 or treated with anti–
IL-7R
 
 
 
 antibodies (8, 9), in keeping with previous reports
(18). However, when both IL-15 and IL-7 are removed
from the system, CD8 memory homeostatic proliferation
was completely halted (8, 9). Why then does IL-7 not sub-
stitute for IL-15 in the intact host? Since naive T cells
“consume” IL-7 in order to survive, and this population
easily outnumbers the typical CD8 memory subset, IL-7
might be limiting in normal animals (Fig. 1). Lack of naive
T cells (e.g., lymphopenia) would effectively raise available
IL-7 levels. Indeed, it has been suggested that such in-
creased IL-7 levels might be one cause for the induction of
homeostatic proliferation among naive T cells transferred
into T cell–deficient hosts (16).
Support for this idea comes from analysis of mice which
overexpress IL-7, as shown by Kieper et al. (7) in this issue.
These IL-7 transgenic animals have 25
 
 
 
 to 50
 
 
 
 elevated
IL-7 levels and show a marked increased frequency and ab-
solute number of CD8 memory phenotype cells (as well as
less extreme increases in other T cell subsets and in B cells).
Most strikingly, the size and characteristics of the CD8
memory subset is similar in IL-7 transgenic mice on either
the wild-type or IL-15
 
 
 
/
 
 
 
 backgrounds, indicating that IL-7
overexpression functionally compensates for IL-15 defi-
ciency. The IL-7 transgenic IL-15
 
 
 
/
 
 
 
 animals are not lym-
phopenic (quite the opposite, having T cell numbers simi-
lar to plain IL-7 transgenics), but the data fit in nicely with
the IL-7 competition model described above.
Hence, neither IL-7 nor IL-15 seem to be unique in
their effect on promoting memory CD8 T cell prolifera-
tion in immunodeficient hosts. It remains to be seen
whether IL-7 can affect antigen-specific memory cells in
normal hosts. In addition, it has yet to be determined
whether CD8 memory cells arising from IL-7–mediated
proliferation in an IL-15–deficient environment are func-
tionally normal. Furthermore, the way in which IL-7 sub-
stitutes for IL-15 is unclear. Increased signaling through
IL-7R could potentially deliver proliferative or survival
signals to expand or sustain the memory pool. Goldrath et
al. raise the possibility of different functions for IL-15 and
IL-7 in memory CD8 survival, the former being involved
in proliferation and the latter in survival (8). At face value,
the data from Kieper et al. (7) also suggest survival as a
more likely role for IL-7, since the percentage of memory
phenotype cells proliferating is unchanged in IL-7 trans-
genic versus normal mice. However, these authors did find
an increase in absolute numbers of proliferating memory
cells in the IL-7 transgenics, which might suggest a role in
driving proliferation, and clearly IL-7 can support prolifer-
ative responses during homeostatic proliferation in lym-
phopenic hosts. Overexpression of IL-7 might also oppose
the negative influence of IL-2 which, despite being the ca-
nonical T cell growth factor, was shown to be a counter-
regulator of memory T cell homeostasis by the Marrack
laboratory (19).
There are some unexpected findings in the current re-
ports, which suggest further subtleties. Tan et al. (9) de-
scribe an experiment to test the model that naive T cell
competition for IL-7 restrains CD8 memory expansion in
the absence of IL-15. They studied the impact of cotrans-
ferring large numbers of naive CD8 T cells on homeostatic
proliferation of either naive or memory CD8 T cell popu-
lations in irradiated hosts. Since the memory cells might be
expected to respond to IL-15, these experiments were per-
formed in irradiated IL15
 
 
 
/
 
 
 
 hosts. Such cotransfers halt ef-
ficiently homeostatic proliferation of naive T cells, presum-
ably in part through competition for IL-7. Surprisingly,
however, the cotransferred naive cells did not slow down
memory CD8 T cell expansion in the IL-15
 
 
 
/
 
 
 
 hosts. Tan
et al. (9) propose that this is due to segregation of naive and
memory subsets to different physical locations in the body
(while naive cells are confined to T cell zones of the sec-
ondary lymphoid organs, memory T cells are much more
widely distributed, being found in nonlymphoid tissues;
references 20 and 21). Such an argument brings into ques-
tion the basis for the initial hypothesis however, since it
implies that naive and memory subsets do not compete for
the same local pool of IL-7. While these results may relate
more to technical limitations in the approach than a flaw in
the underlying logic, future studies will be needed to tease
out the situations in which naive and memory T cells com-
pete for limiting resources.
In addition, the basis by which IL-15 exerts its effects on
CD8 memory is less obvious than it might appear. Al-
though IL-15 can clearly have an effect on CD8 memory T
cells directly, there is also evidence that IL-15 acts on other
cells to influence CD8 memory responses (Fig. 1). A recent
report from Lodolce et al. (22) showed that normal T cells
do not respond to poly I:C treatment in IL-15R
 
 
 
 
 
/
 
  
 
hosts,
but that IL-15R
 
 
 
 
 
/
 
 
 
 T cells can respond to poly I:C in-
duced activation in a wild type host. Such data indicate IL-
15/IL-15R interactions affect memory T cells nonautono-
mously. The identity of this “bystander” population which
responds to IL-15 is still unknown. The current reports do
not address the question of whether the role of IL-15 stud-
ied is autonomous to the T cell population or not, but this
will be an important future question. In light of these new
studies, it would be interesting to determine whether IL-7
plays a role in mediating the effect of the IL-15 responsive
“bystander” population.
Lastly, one of these reports also analyzes requirements for
CD4 memory T cell homeostasis (9). Tan et al. show that,
similar to the CD8 memory subset, expansion of CD4
memory T cells is independent of MHC ligands for the
TCR, confirming previous studies (1, 2). However, they
go on to show that CD4 memory cells are quite content to
undergo homeostatic proliferation in the absence of both
IL-15 and IL-7. These data support the findings of Lantz et
al. (23) who proposed that CD4 memory cells can survive
in the absence of the common 
 
 
 
 chain (
 
 
 
C) a component 
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of many cytokine receptors, including IL-2, IL-4, IL-7,
and IL-15. The situation might be different for human T
cells; Geginat et al. recently showed that human CD4
 
 
 
memory cells (especially the “effector memory” pool) pro-
liferate in response to IL-7 and IL-15, while naive human
CD4
 
 
 
 T cells do not proliferate in response to either cy-
tokine (24). What exogenous factors, if any, are required
for homeostasis of mouse CD4 memory cells remains a
mystery to be unraveled in future studies.
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